This paper presented a numerical study that predicts critical mass flow rate, pressure, vapor quality, and void fraction along a very long tube with small diameter or capillary tub under critical condition by the drift flux model. Capillary tubes are simple expansion devices and are necessary to design and optimization of refrigeration systems. Using dimensional analysis by Buckingham's π theory, some generalized correlations are proposed for prediction of flow parameters as functions of flow properties and tube sizes under various critical conditions. This study is performed under the inlet pressure in the range of 0.8 1.5 , 
INTRODUCTION
Small diameter tubes or capillary tubes have an extensive implementation as a simple expansion device in the industrial refrigeration systems to reduce the pressure and temperature of a refrigerant fluid flow between a condenser and an evaporator. Because of the fact that these simple devices reduce the temperature of the flow by flashing it into vapor phase, it is complicated to analyze the flow through them. Typical diameter of a capillary tube is between 0.5 -2 mm and its length is between 1 -6 m. Subcooled liquid enters into the capillary tubes and flows as a single phase up to the point where the pressure reaches saturation pressure related to the flow temperature. Although it is expected that flashing into the vapor phase starts from the end of single phase region, it happens with some delay in the point where flow pressure is a bit less than its saturation pressure. This single phase region is called metastable flow region. However, this region is refused in most of numerical calculations. In two-phase region, flow starts with bubbly flow and ends with annular flow pattern if the length of the tube is long enough. By decreasing the pressure at the tube outlet, mass flow rate increases up to a critical rate in which the mass flow rate remains constant and shock happens at the end of the tube where pressure decreases with a sharp gradient and as a result the liquid flashes into vapor by a pretty high rate.
The most important models used to study the behavior of two-phase gas-liquid flow are homogeneous, separated flow, drift flux and two-fluid model. In the homogeneous model two phases are considered to flow in equilibrium from dynamic and thermodynamic point of view, but in the separated flow model an experimental correlation for the slip ratio of velocities of two phases is considered through the flow. In the drift flux model an experimental correlation is considered to relate drift velocity of the flow to the other flow characteristics. Wong and Liang [1] proposed a numerical study based on the drift flux model to find characteristics of R-134 through the capillary tubes under critical conditions. Zuber's correlation [2] for the drift velocity and Lin's two-phase multiplier [3] were used in their study. Their results compared predicted flow characteristics of R-134 with the predicted flow characteristics of R-12. Also some experimental works have been performed in order to find correlations to predict critical flow characteristics of the capillary tubes. Melo [4] experimentally studied the effect of the capillary diameter and length, inlet pressure and subcooling and type of refrigerant on critical mass flow rates under adiabatic condition. They performed the study under the inlet pressure in the range of 7 18 bar − , subcooling temperature between 2 16 C − and tube diameter between 0.6 1.05 mm − for the refrigerants R-12, R-134 and R-600. It was found that the tube diameter affects critical mass flow rate more than other parameters. They presented a correlation by dimensional analysis to estimate critical mass flow rate of each refrigerant. The results of their correlations were in agreement with experimental data with 15% error for R-12 and 10% error for R-134. Kim and Choi [5] presented an empirical correlation to predict critical mass flow rate under the adiabatic condition. They explored the data affecting the critical mass flow rate and generated some dimensionless parameters by using the data of Proceedings of the ASME 2010 3rd Joint US-European Fluids Engineering Summer Meeting and 8th International Conference on Nanochannels, Microchannels, and Minichannels FEDSM-ICNMM2010 August 1-5, 2010, Montreal, Canada FEDSM-ICNMM2010-refrigerants R-12, R-22, R-134, R-152, R-407 and R-410with a deviation of 6.5%. Jabaraj et al. [6] conducted an experimental study on flow of mixture M20 (R-407c, R-600, R-290) through capillary tubes, They reported a non dimensional correlation to predict critical mass flow rate of M20 by using Buckingham's π theory. Their results revealed that approximately 95% of which has a deviation of about 10%. Recently Vins and Vacek [7] performed an experimental study on the critical flow of R-218 through capillary tubes with different tube diameters and lengths. They presented a correlation for the critical mass flow rate of refrigerant R-218 by both classical power law function and artificial neural network. The average of deviation by the power law function was -0.41% and by the artificial neural network correlation was -0.12%. This study attempts to use a numerical method to predict critical flow characteristics for water, ammonia, refrigerants R-12, R-22 and R-134 through capillary tubes by drift flux model under different operating conditions. Generalized correlations have been presented for prediction of critical mass flow rate, pressure, quality and void fraction distribution through capillary tubes in a wider range of operating conditions. 
where D f is the Darcy friction factor and for turbulent flow is calculated by Colebrook's correlation. 1 9 . 3 4 1.14 2 log (2) Re
In the two-phase region, liquid flashes into vapor purely because of the reducing pressure. The one-dimensional, steady state governing equations of mass, momentum and energy for a two-phase flow of vapor-liquid phases through an adiabatic capillary tube are given respectively as follows.
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The vapor quality in term of void fraction is as:
is essentially a separated-flow model in which attention is focused on the relative motion rather than on the motion of the individual phases. It is particularly useful when the relative motion is determined by a few key parameters instead of connection to the flow rate of each phase. Zuber [2] presented the following correlation through horizontal tubes.
The drift velocity of vapor relative to the center of mass, vm u ,is given by:
where the average density and mass velocity are defined as: After inserting Eq. (7) into Eq. (6) 
SOLUTION METHOD
In the above analysis, if a subcooled single-phase liquid inters a capillary tube, Eq. (1) is first applied to the subcooled liquid region with the known initial conditions at the orifice inlet, for instance, pressure and mass flow rate. Once the saturated condition is reached, the two-phase flow calculations are started until the mass flow rate reaches the critical condition. When this case happens, the critical flow rate is almost independent of the downstream pressure. In this case Eqs. 
RESULTS AND DISCUSSION
To predict the critical mass flow rate and the critical pressure distribution through the capillary tubes, the present model is examined for a range of inlet pressure of 0. 
where cr ψ refers to the dependent variables and includes:
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, , Figure 1 illustrates the mass flow rate of water, ammonia, refrigerants R-12, R-22 and R-134 through the capillary tubes under the critical conditions. The ordinate axis has been dimensionless by the capillary tube diameter and the liquid viscosity. The abscissa axis is indicated by some dimensionless parameters. Comparison between the present results with some experimental data presented by Melo [4] , Mikol [9] and Li [10] shows a good agreement. All the results including the numerical results of the present model and the experimental data are also fitted by a line with the following dimensionless expression. 
In these two figures, all data are clustered close to the fitted curves and they indicate satisfactory results. The average amount of void fraction at the tube length is about 0.93 ext α . Finally, the critical tube length is also obtained from the following expression.
